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Molecular)Machines:)Synthesis,)Modeling,)and)Applications
Syd$Kotar,$Jerry$LaRue
Department$of$Chemistry,$Chapman$University;$Orange,$California
Significance of Molecular Machines
Through$the$advancement$and$creation$of$directed$motion,$molecular$machines$can$perform$directed$or$programmed$motions$
that$are$similar$to$those$that$are$used$in$daily$life,$and$can$provide$insight$to$the$activities$of$cells$and$realize$specific$functions
Introduction to Molecular Machines 
Through History
•1959:$Richard$Feynman$gave$a$lecture$titled$
“There’s$Plenty$of$Room$at$the$Bottom”$about$the$
idea$of$molecular$machines
•1983:$JeanPPierre$Sauvage built$machines$at$the$
molecular$level
•1991:$Fraser$Stoddart’s$group$built$a$molecule$
called$“rotaxane”
•1999:$Bernard$Feringa introduced$the$first$
molecular$motor$with$monodirectional$rotation
• This$is$when$molecular$machines$became$of$
greater$interest$in$the$scientific$community
•2011:$Feringa and$his$group$created$a$“miniature$
car”$only$a$few$meters$long
• This$molecular$machine$could$drive$along$a$
copper$surface
• It$was$powered$by$electrons$coming$from$the$
tip$of$a$scanning$tunneling$microscope
•2016:$Nobel$Prize$was$awarded$to$Feringa,$
Stoddard,$and$Sauvage
• Documented$that$molecular$machines$
arrived$at$broad$popular$recognition
How Molecular Machines Function
Fuel:)defined$as$the$external$energy$transferred$into$the$
system$or$an$external$stimulus$that$triggers$a$reaction
•In$relation$to$molecular$machines:
•The$idea$is$to$orient$the$machine$in$a$way$so$that$its$
response$to$the$Brownian$motion$moves$the$machine$
in$the$wanted$direction
• Light$and$thermal$fuel
• Electronic$excitation
• Instability$=$reactivity
• Change$in$conformation
• ReactionPbased
• Chemical$powered$motion
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Applications)of)Molecular)Machines)
Rotaxane
• Applications:
• RotaxanePbased$molecular$machines$that$act$as$
a$ribosome
• Can$read$a$strand$of$RNA$and$use$the$
information$to$connect$amino$acids$in$the$
correct$order$to$build$a$desired$protein
• Switchable$rotaxane$molecules$have$
applications$in:
• Logic$Gates
• Nanorecording,$memory$dots
Other)general)applications
• Molecular$motors$that:
• Improve$drug$delivery
• Biomedicine
• Act$as$parts$of$the$cell
• Modify$protein$complexes
• Reside$in$molecular$electronics$as$a$memory$
device
• Act$as$a$catalyst$in$chemical$reactions
2016)Nobel)Prize)in)Chemistry
• Took$molecular$systems$out$of$equilibrium’s$
stalemate$and$into$energyPfilled$states$in$which$their$
movements$can$be$controlled
• In$terms$of$development,$the$molecular$motor$is$at$
the$same$stage$as$the$electric$motor$was$in$the$
1830s,$so$there$is$much$development$to$come
• The$groundbreaking$steps$taken$by$JeanPPierre$
Sauvage,$Fraser$Stoddart$and$Ben$Feringa in$
developing$molecular$machinery$have$resulted$in$
chemical$structures$that$are$used$by$researchers$
around$the$world$to$build$increasingly$advanced$
creations
How Molecules Behave
Brownian)Motion
•Includes$the$erratic$random$movement$of$microscopic$
particles$in$a$fluid
•This$is$a$result$of$continuous$bombardment$from$
molecules$of$the$surrounding$medium
Unidirectional)Rotary)Motor
Criteria:
1. Repetitive$360Pdegree$rotation
2. Consume$energy
3. Molecule$must$have$control$over$its$directionality
How$Rotary$Motors$Function
• Conversion$of$ATP$and$chemical$energy$into$
controlled$rotational$motion
• Single$bond
• Allows$for$rotation$in$a$helically$shaped$molecule
Rotaxane
• Main$molecule$used$in$the$construction$of$molecular$
machines
• One$or$more$rings$threaded$on$one$or$more$dumbbell$
shaped$molecules
• Large$end$groups$prevent$the$macrocycles$from$
escaping
• When$thermally$triggered,$it$has$translational$motion,$
creating$fast$proton$transfer
• However,$this$motion$is$not$currently$controlled
• It$is$also$very$difficult$to$make,$with$a$low$yield
• Can$act$under$directed$motion
Brownian$(Random)$$Motion
Examples of Molecular Machines
Feature,%2018
Stoddart,%2016
ReactionPbased$motion$that$can$be$utilized$in$the$
unidirectional$rotary$motor$as$well$
Hindi,%2017
Browne,%2006
